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ABSTRACT 
OBJECTIVE: To assess the impact of an automated intra-
operative alert to redose prophylactic antibiotics in prolonged car-
diac operations. 
DESIGN: Randomized, controlled, evaluator-blinded trial. 
SETTING: University-affiliated hospital. 
PATIENTS: Patients undergoing cardiac surgery that last-
ed more than 4 hours after the preoperative administration of cefa-
zolin, unless they were receiving therapeutic antibiotics at the time 
of surgery. 
INTERVENTION: Randomization to an audible and visual 
reminder on the operating room computer console at 225 minutes 
after the administration of preoperative antibiotics (reminder 
group, n = 137) or control (n = 136). After another 30 minutes, the 
circulating nurse was required to indicate whether a follow-up 
dose of antibiotics had been administered. 
RESULTS: Intraoperative redosing was significantly more 
frequent in the reminder group (93 of 137; 68%) than in the control 
group (55 of 136; 40%) (adjusted odds ratio, 3.31; 95% confidence 
interval, 1.97 to 5.56; P < .0001). The impact of the reminder was 
even greater when compared with the 6 months preceding the study 
period (129 of 480; 27%; P < .001), suggesting some spillover effect 
on the control group. Redosing was formally declined for 19 of the 
44 patients in the reminder group without redosing. The rate of sur-
gical-site infection in the reminder group (5 of 137; 4%) was similar 
to that in the control group (8 of 136; 6%; P = .42), but significantly 
lower than that in the pre-study period (48 of 480; 10%; P = .02). 
CONCLUSION: The use of an automatic reminder system 
in the operating room improved compliance with guidelines on 
perioperative antibiotic prophylaxis (Infect Control Hosp Epidemiol 
2003;24:13-16). 
Perioperative antibiotic prophylaxis is among the 
most effective methods to reduce the incidence of surgical-
site infections for many types of surgical procedures.1 
However, its efficacy has been shown to diminish during 
long procedures.24 This diminished efficacy has prompted 
recommendations to redose the antibiotic during proce-
dures of prolonged duration.15"8 Despite these recommen-
dations, intraoperative redosing is often omitted.9 
We therefore developed an audible alarm and mes-
sage delivered via computer consoles in the operating rooms 
to remind surgical teams to consider intraoperative redosing 
of antibiotics at the time such antibiotics appeared to be indi-
cated. The purpose of this randomized, controlled study was 
to quantify the impact of this reminder system on redosing 
of antibiotics during prolonged cardiac procedures. 
METHODS 
Patients undergoing operations between March 23 
and June 23, 2000, in the Division of Cardiac Surgery at 
Brigham and Women's Hospital, Boston, Massachusetts, 
were evaluated for inclusion in this prospective, random-
ized, controlled study. The study was approved by the insti-
tutional review board. 
All patients were allocated to either activation of an 
automated reminder system or no intervention (control), 
based on a case number assigned to every surgical proce-
dure performed in the hospital, independent of the study 
itself. All operating rooms contained computers linked to 
the hospital's central information system. These computers 
are used during procedures by the circulating nurse to 
both obtain and record information, including the start 
time of procedures. 
The reminder system consisted of an audible alarm 
generated by the operating room computer for patients 
whose procedure lasted more than 225 minutes after the 
administration of a first preoperative dose of antibiotic. This 
time of activation was chosen because the guidelines in 
force in the hospital recommended cefazolin as prophylax-
is for cardiac surgery and suggested intraoperative redos-
ing intervals of 240 minutes for this antibiotic. 
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FIGURE 1 . Message displayed on the console of the operating room com-
puter together with an audible alarm. 
Simultaneous with the alarm, a message was displayed on 
the same computer console. This message cited hospital 
guidelines on intraoperative redosing of antibiotics, and 
asked whether the surgical team was considering redosing 
(a facsimile is shown in Fig. 1). A reply was required to 
clear the display for any other use. If the response indicat-
ed that redosing of prophylaxis was planned, a new audible 
alert and screen appeared 30 minutes later, asking whether 
redosing had actually been performed. We did not attempt 
to document the circulation of the information provided by 
the reminder system within the surgical team. 
For each eligible operation, the following data were 
manually abstracted from the anesthesia record: age and gen-
der of the patient, the American Society of Anesthesiologists 
score, the date and type of surgery, the surgeon, the time of 
all antibiotic administrations, and the times of skin incision 
and closure. The duration of surgical procedures was calcu-
lated as the time elapsed between administration of a first, 
preoperative dose of an antibiotic and skin closure. 
Operations were categorized as including or not including 
coronary artery bypass graft to avoid comparisons between 
small subgroups. The same data were collected during the 6 
months preceding the study to estimate the magnitude of a 
possible overall change in the practice of intraoperative 
redosing due to awareness of the ongoing study. 
Procedures were excluded from analyses if they 
were shorter than 240 minutes, if no preoperative antibiot-
ic prophylaxis was recorded, if information on the duration 
of surgery was unavailable, if antibiotics other than cefa-
zolin were used for prophylaxis, or if therapeutic antibiotics 
were being given at the time of surgery. 
The primary outcome was the proportion of patients 
who had been appropriately given an intraoperative redose 
among those whose surgery lasted at least 240 minutes 
after a first, preoperative dose of cefazolin. Intraoperative 
redosing was defined as the administration of a second 
dose of cefazolin at any time before surgical closure, as 
noted in the anesthesiologist's records. 
A secondary outcome was the occurrence of surgi-
cal-site infection. Infection surveillance was performed 
prospectively by an experienced infection control practi-
43: surgery duration < 225 minutes 
2: no antibiotic given 
9: data not available 
5: no data on surgery duration 
44: surgery duration < 225 minutes 
1: no antibiotic given 
11: data not available 
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10: under therapeutic 
antibiotics 
4: antibiotic other than 
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12: surgery duration 
between alarm time (225 
min) and recommended 
redosing interval (240) 
136 cases analyzed 137 cases analyzed 
FIGURE 2. Assignment of patients to reminders and reasons for exclusion 
from final analysis. 
tioner who was unaware of the patients' status regarding 
the redosing reminder. The surveillance method used the 
National Nosocomial Infections Surveillance System crite-
ria1 and included both inpatient components and postdis-
charge information from the surgeons' office. 
To compare the patients who were exposed to the 
reminder system with those who were not, we used the 
two-sided Wilcoxon rank sum test for continuous variables 
and the chi-square test for proportions. The significance 
level was .05 in all tests. Significant univariate predictors of 
intraoperative redosing were then candidates for inclusion 
in a logistic regression model that was built through a back-
ward selection process. The absence or presence of expo-
sure to the reminder was always forced in the model. The 
model was then tested for confounding by each of the 
excluded covariates. The Wald test was used to report the 
significance level of the predictors in the final model. 
The odds of surgical-site infection were compared 
using the same strategy. Their trend was also assessed 
across the pre-study period, the control group, and the 
reminder group, with the likelihood ratio test used to 
assess deviance from linearity. 
Statistical analyses were performed with STATA 6.0 
statistical software (STATA Corp., College Station, TX). 
RESULTS 
Four hundred forty-nine cardiac operations were per-
formed during the study period (Fig. 2) and allocated to 
either the intervention (227 patients) or the control (222 
patients) group. Of them, 331 procedures in 331 patients 
(168 in the intervention group and 163 in the control 
group) reached the point where the reminder system could 
be activated. Two hundred seventy-three procedures (137 
in the intervention group and 136 in the control group) 
could eventually be documented as eligible for intraopera-
tive redosing of cefazolin according to the guidelines, and 
were therefore included in the primary analysis of efficacy 
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T A B L E 1 
CHARACTERISTICS O F T H E PATIENTS* 
Characteristic 
No 
Intervention 
(n = 136) 
Alarm Plus 
Reminder 
(n = 137) 
Mean age, y (range) 
Male 
ASA score 
2 
3 
4 
Unknown 
Type of surgery 
CABG 
Other cardiac 
procedures 
Mean duration of 
procedure, min (range) 
67 
83 
6 
101 
22 
7 
50 
86 
354 
(33 to 92) 
(61%) 
(4%) 
(74%) 
(16%) 
(5%) 
(37%) 
(63%) 
(241 to 737) 
65 
96 
7 
112 
12 
6 
46 
91 
352 
(29 to 93) 
(70%) 
(5%) 
(82%) 
(9%) 
(4%) 
(34%) 
(66%) 
(242 to 637) 
ASA = American Society of Anesthesiologists; CABG - coronary artery bypass graft. 
*There was no significant difference between the two groups. 
of the reminder system. Patients' characteristics were sim-
ilar in the two groups (Table 1). The distribution of sur-
geons was also homogeneous between the two groups 
(data not shown). 
In the control group, 55 (40%) of 136 patients 
received intraoperative redosing (Fig. 3). This proportion 
was significantly higher in patients randomized to the auto-
matic reminder system (93 of 137; 68%; P < .001). In this 
group, the administration of a second dose of antibiotic was 
formally declined in 19 (14%) of 137 cases. It was noted to 
have been administered in the electronic system in an addi-
tional 19 (14%) of the cases, but this was not reported on 
the anesthesia record. For purposes of analysis, we classi-
fied these 19 cases as having received no redosing. Of note, 
the proportion of patients who received a redose in the con-
trol group (40%) was significantly higher than the compa-
rable proportion during the 6 months before the interven-
tion started (129 of 480; 27%) (Fig. 3). This increase in the 
control group was consistent with the increased awareness 
of the importance of redosing that resulted from all surgi-
cal personnel receiving reminders about redosing during 
half of their cases. 
Besides exposure to the automatic reminder system, 
the only significant predictor of intraoperative redosing of 
the prophylactic antibiotic was the duration of surgery. The 
impact of the reminder system remained significant after 
adjustment to surgery duration in the multivariate analysis 
(Table 2). 
The attack rate of surgical-site infection after proce-
dures eligible for intraoperative redosing was 48 (10%) of 
480 during the 6 months preceding the study period. 
During the study period, it declined to 8 (6%) of 136 in the 
control group and to 5 (4%) of 137 in the intervention group 
(P = .4 compared with the control group, and P = .02 com-
% 100 -
80 -
6 0 -
40 
20 -
0 -
f 
Pre-
• 
study pe 
(n=480) 
pO.OOOl 
riod Co 
pO.OOOl 
r 
1 
ntrol gro 
(n=136) 
up Rerr 
^ 
~^ 
1 
inder gr 
(n=137) 
oup 
FIGURE 3. Proportion of patients who received an intraoperative redose of a 
prophylactic antibiotic. 
T A B L E 2 
I N D E P E N D E N T P R E D I C T O R S O F INTRAOPERATIVE R E D O S I N G O F 
PROPHYLACTIC ANTIBIOTICS D U R I N G C A R D I A C SURGERY* 
Adjusted Odds 
Ratio for 
Intraoperative 
Predictor Redosing Clg, P> 
Alarm + reminder 3.31 1.97 to 5.56 < .0001 
Duration of surgery* 1.62 1.30 to 2.03 < .0001 
CI95 = 95% confidence interval. 
"Characteristics that were considered as potential confounders but not retained in the final 
model included age and gender of the patient, the American Society of Anesthesiology score, 
the date and type of surgery, and the surgeon. 
fWald test. 
Time elapsed between administration of preoperative antibiotics and skin closure. Odds ratio 
for every additional hour of surgery. 
pared with the pre-study period). The infection rate in the 
intervention group remained significantly lower than that 
observed during the pre-study period after adjustment for 
the type of surgery, another independent predictor. 
Moreover, if we consider the control group to have 
received an intermediate intervention because of the 
heightened awareness about redosing during the random-
ized trial, there was a significant trend, with the highest 
rate of surgical-site infection among procedures before the 
study period and the lowest in the group exposed to the 
reminder system (P = .01). 
DISCUSSION 
The use of this automatic reminder system was asso-
ciated with a significant increase in the rate of appropriate 
intraoperative redosing of prophylactic antibiotics from 40% 
to at least 68%. This is almost certainly a conservative esti-
mate of the effect of the reminder, because the same surgi-
cal teams cared for in the two groups. Therefore, all of 
them were aware of the intervention and may have been 
generally more attentive to redosing. The fact that redosing 
occurred more frequently in the control group than during 
similar procedures in the 6 months immediately preceding 
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the study (27%) supports this inference. Also, it is likely 
that some of the additional 14% of patients in the interven-
tion group who had indication of redosing in their automat-
ed records but not in their separate anesthesia records 
actually received a redose. However, data are not available 
on the reliability of the anesthesia records to estimate this 
possible misclassification. In addition, underreporting of 
redosing in anesthesia records may also have occurred in 
the control group to a similar or even greater extent. 
In a previous study,9 we found that redosing of intra-
operative cefazolin was associated with a 19% reduction in 
the risk for surgical-site infection after operations lasting 
more than 4 hours. The size of the current study was too 
small to confirm this observation. However, we did observe 
a significant reduction of the risk of surgical-site infection 
in the reminder group compared with the pre-study period. 
The trend toward a lower infection rate correlates with the 
rate of intraoperative redosing observed in the pre-study, 
control, and reminder groups, respectively. We consider 
this result to support the practice of intraoperative redos-
ing in cardiac surgery. 
No important harmful effects resulted from the use 
of the reminder system. Inappropriate activation of the sys-
tem occurred in only 4 (1%) of 449 procedures, apparently 
resulting in unnecessary intraoperative redosing in one 
case. We requested comments when the reminders were 
introduced, and received no complaints suggesting that the 
reminder system disturbed the surgical teams. However, 
we did not formally evaluate their acceptance of the 
reminder system. 
As noted earlier, the redosing of antibiotics could not 
be assessed in 14% of the cases because of contradictory 
data between the information system and the anesthesia 
report. In the best-case scenario where this contradictory 
information would actually correspond to intraoperative 
redosing, the reminder system would be related to an 82% 
(112 of 137) compliance rate for redosing. 
Redosing was explicitly refused in 14% of the cases. 
These refusals suggest that a reminder system does not 
obviate the need for an education effort. They may also 
underscore the need for better understanding of the way 
people interact within die surgical team, to increase the 
impact of the reminder system. 
There are several arguments for adopting a real-time 
reminder system in the operating room. It can easily be 
integrated into the highly structured environment that is 
characteristic of surgery. In addition, its implementation is 
inexpensive and easy if there is an existing computerized 
operating room management system. 
Failure to give an intraoperative redose of prophylac-
tic antibiotics in prolonged procedures is an example of a 
medical error. In the aggregate, these errors have been 
recognized to negatively impact clinical outcomes and to 
impose a large burden on healthcare resources.10 An auto-
matic reminder is a useful step to reduce the risk of this 
error. 
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